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1. It was found that vacuum infiltration of purines for 2, 3 and 5min and moderate shaking of non-growing cell brought about a good reproducibility of the stimulatory effects on flavinogenesis by purines and furthermore, a higher flavinogenesis.
2. The addition of an inhibitor of protein synthesis, chloramphenicol, to the basal medium at the concentration of 6mM after 1day of cultivation resulted in a 45.1% inhibition of the growth measured after 2days of cultivation and a 65.1% inhibition of riboflavin production measured after 4 days of cultivation. On the other hand, the addition of an inhibitor of purine de novo synthesis, sulfanilamide at 4mM resulted in a 24.3% inhibition of the growth after 2 days and a 44.1% inhibition of riboflavin formation after 4days respectively.
3. The addition of these drugs and another inhibitor of protein synthesis, cycloheximide to the non-growing cell medium brought about little effects on flavinogenesis and only cycloheximide showed a 25% inhibition of riboflavin production at 7mM. 4 . It was elucidated from above results that non-growing cell under such the special conditions shows little or no synthesis of protein and purine derivatives but there occurs flavinogenesis to a fair extent.
5. It was found that xanthine is the most flavinogenic purine among various purines during these experiments. It has been well known that chlorampheni col (7-9) is a specific inhibitor of the protein biosynthesis and sulfanilamide (10) (11) (12) is an inhibitor of purine de novo synthesis. In this section, effects of these inhibitors on growth and riboflavin formation were examined in growing cells as preliminary experiments in order to elucidate the physiological conditions of non-growing cells.
As seen in Fig. 2 , chloramphenicol and sulfanilamide at the concentrations of 3, 6mM and 2, 4mM respectively were added to 1 day fermentation medium, because the mycelia used for non-growing cell experiment were obtained by filtering the medium after 24 hours of cultivation (thereafter called "at 1day").
It can be seen from Fig. 2 that pH curves show the same directions in spite of the addition of these drugs.
On the other hand, riboflavin formation was restricted by these drugs, especially by chloramphenicol. At 4 days when the stationary phase of riboflavin formation was almost achiev ed, riboflavin yields were inhibited over the range of 44.1 and 46.6% by the addition of 4 mM and 2mM of sulfanilamide and 50.2 and 65.2% by 3mM and 6mM of chloramphenicol respectively.
Furthermore, effects of these drugs on growth were shown in Fig. 3 
FIG. 3 Effects of sulfanilamide and chloramphe nicol on growth of E. ashbyii on a basal medium
The methods of cultivation were the same as those of Fig. 2. respectively at 2days when the growth maxi mum is usually achieved.
Effects of Chloramphenicol,
Cyclohexi mide and Sulfanilamide on Riboflavin Pro duction of Non-growing CellEffects of chloramphenicol and sulfanilamide on riboflavin production and growth of a fla vinogenic strain of E. ashbyii were examined in the previous section, in which chlorampheni col and sulfanilamide both were found to have a potent inhibitory effect on growth and ribo flavin formation over the concentrations indicated in Fig. 2 and 3 . Now, additional effects of these drugs and another specific inhibitor of protein synthesis, cycloheximide (13) (14) (15) , on riboflavin formation were followed in non-growing cells of the same microorganism. The results were shown in Fig.  4 . In this experiment, cycloheximide was added in twice the concentration at which the growth of a cycloheximide-resistant yeast began to be inhibited.
The addition of cycloheximide did not affect riboflavin formation with its increase up to 2.2mM except for a point of 0.4mM, but thereafter, it gradually inhibited riboflavin pro duction, followed by a plateau in the 5-7mM region. This inhibitory effect was observed to a small extent even at high concentration of this drug.
On the other hand, sulfanilamide rather slowly increased riboflavin yields with its increase and at 4mM, which extensively inhibited ribofla vin synthesis and growth in growing cell, ribo flavin formation was increased by 6.7%. Fur thermore, chloramphenicol showed a plateau region for 0 to 3mM and then scarcely inhibited riboflavin formation with its increase. In this case, the inhibition rate was 13.3% at 6mM which restricted quite noticeably the growth and riboflavin formation of growing cells.
As a whole, riboflavin production curves exhibited plateaus at high concentration regions of each of these drugs.
DISCUSSION
Vacuum infiltration has so far been applied only for plants (16, 17) , not for microorganism. As shown in this paper, the application of this treatment for flavinogenic E, ashbyii brought about a great success in rising the yields of riboflavin and also in obtaining a high reprodu cibility of the stimulatory effects by exogenous purines on flavinogenesis ( Fig. 1 and Table 1 ). It is conceivable that these effects are caused by a physical stimulation of membrane transport by compounds like exogenous purines and endo genous products, (riboflavin etc.).
Accordingly, the selection of exogenous purines by the membrane of this mold appears to be overcome to a fair extent by this treat ment. The specific response of flavinogenesis to different exogenous purines can thus be examined. Furthermore, it seems that moderate shak ing results in higher yields of riboflavin by accelerating the respiration of this mold to some extent.
Accordingly, vacuum infiltration and mode rate shaking were both necessary for non growing cell experiments.
Next, physiological conditions of non-grow ing cells under the above conditions were pursued using various inhibitors.
First, the effects on growing cell by inhibi tors, chloramphenicol (7-9) and sulfanilamide (10) (11) (12) , were examined. Chloramphenicol and sulfanilamide scarcely affected the pH values even when added in high concentration. How ever, these drugs resulted in a noticeable inhibi tory effects on riboflavin formation. The effect was especially strong with chloramphenicol added in high concentration (6mM).
Furthermore, the effects of these drugs on growth were examined and an inhibitory pattern similar to that which was observed for ribofla vin formation, was detected. The effect of chloramphenicol on growth appears to be con sistent with the results of Brown (18) which were observed on the static culture of the same mold in natural nutrient broth.
As a whole, it is known that chlorampheni col is a more potent inhibitor than sulfanilamide concerning inhibitory effects on growth and riboflavin formation.
However, the difference between them appears to be attributed to their different modes of action. Chloramphenicol, an inhibitor of protein synthesis, was added to 1 day old cultural medium, in which protein synthesis of this mycelia was supposed to be exponentially synthesized because the growth maximum is achieved at 2 or 3days.
For this reason, chloramphenicol should have a potent action on this mycelia.
On the other hand, the effect of sulfanil amide is speculated as follows: The pool size of nucleotides reaches a maximum at 1day, which means that the most active synthesis of nucleo tide is already finished by 1day.
Accordingly, the effect of sulfanilamide is thought to be less active when this drug was added at 1day. Thus, a more active effect of this drug would be observed when it was added to the fermenta tion medium earlier during the first day of the culture.
Next, the effects on riboflavin production of these drugs and another inhibitor of protein synthesis, cycloheximide (13) (14) (15) were examined on non-growing cell. Cycloheximide and chlo ramphenicol brought about a slight inhibition but sulfanilamide rather stimulated riboflavin production at its highest concentration (Fig. 4) .
These results indicate that, in non-growing cell, there are little or no inhibition at the biosynthesis level of enzymes participating in the riboflavin formation and also that there is no inhibition at the level of substrates of ribo flavin synthesis conducted from purine de novo synthesis.
Accordingly, it was assumed that non-growing cell appears to synthesize little or no protein and purine derivatives but synthesize riboflavin during the incubation.
Thus, this system may be able to be called a coordinated enzyme system concerning the riboflavin biosyn thesis. Now, since purines de novo synthesis does not function in non-growing cells, this raises the problem of what the large amount of substrates for flavinogenesis is derived from. Although there is not an exact answer to this problem at present, these substrates seem to be supplemented from RNA and DNA, espe cially RNA (19) (20) (21) (22) (23) , because riboflavin formation is initiated at the same time as autolysis in this mycelium. As the data which support this consideration were obtained partially in the next paper, further discussion of this problem will be done later.
